Consistent with a negativity bias account, neuroscientific and behavioural evidence demonstrates modulation of even early sensory processes by unpleasant, potentially threat-relevant information. The aim of this research is to assess the extent to which pleasant and unpleasant visual stimuli presented extrafoveally capture attention and impact eye movement control. We report an experiment examining deviations in saccade metrics in the presence of emotional image distractors that are close to a nonemotional target. We additionally manipulate the saccade latency to test when the emotional distractor has its biggest impact on oculomotor control. The results demonstrate that saccade landing position was pulled towards unpleasant distractors, and that this pull was due to the quick saccade responses. Overall, these findings support a negativity bias account of early attentional control and call for the need to consider the time course of motivated attention when affect is implicit.
Introduction
The ability to efficiently locate and identify events that potentially bear relevance to the perceiver's wellbeing has clear evolutionary consequences. As such, it has been suggested that emotion-relevant information is given control precedence.
Emotion-relevant cues attract attention quickly to prioritize further, detailed, processing and resources for potential action (Frijda, 1986; Öhman , Flykt & Esteves, 2001 ), even when cognitive resources are limited. It follows from this that effective peripheral processing (i.e., that which takes place outside of the fovea) of the emotional content of our environment is vital.
The recording of eye movements can shed light on the mechanisms of reflexive attention to emotion-relevant information. Studies that have examined the impact of emotional valence on eye movements have found results that support the primacy of emotion-relevant cues: Emotional images are more likely to be fixated first (Alpers, 2008; Calvo & Lang, 2004; Nummenmaa et al., 2006) , even when instructed to look at the neutral image (Nummenmaa et al., 2006, Exp 2) ; voluntary and reflexive saccades show quicker response latencies to emotional images and more errors when a neutral image is cued (i.e., more erroneous saccades to an emotional image; Nummenmaa et al., 2009) ; and anti-saccade responses show more errors toward emotional images (Kissler & Keil, 2008) . It is worth noting that the effects of emotional images on fixation and saccade patterns in most of these studies were reported for pleasant and unpleasant images equally (but see e.g. Nummenmaa et al., 2006 Exp 1, for a specific effect of pleasant images): These findings run counter to a dominant viewpoint suggesting prioritized processing of negative, particularly threatrelated, information (e.g. Cacioppo, Gardner & Bernston, 1999; Öhman & Mineka, 2001 , Vuilleumier, 2005 . For instance, event-related potentials (ERP) demonstrate a specific effect of unpleasant images on short latency components (100-200 ms), even when pleasant and unpleasant stimuli are matched for affective arousal (see Oloffson et al., 2008 , Feng et al., 2010 .
With very few exceptions, the saccade target in studies where emotional stimuli were used either comprised of the emotional stimulus, or the emotional stimuli were presented foveally. A method to investigate the extent to which distracting emotional stimuli are inhibited while the task goal is to saccade to a non-emotional target would further shed light on the prioritization of emotion in attentional biasing. Using nonemotional stimuli, research has found that the presence of distracting stimuli changes the endpoint and trajectory of a target driven saccade (McSorley, Walker & Haggard, 2006; McSorley, Cruickshank & Inman, 2009) . If the target and distractor are close together (<30 degree window centered on the target) both endpoint and trajectory will deviate toward the distractor. The direction of this deviation depends upon saccade latency, which is towards the distractor for short latency saccades and away for longer latency responses (McSorley, et al., 2009) . Using emotional distractors but nonemotional targets, Nummenmaa et al. (2009) found that the landing position and trajectory of a target elicited saccade generally deviated away from a task-irrelevant emotional image, especially when the image was shown 150 ms prior to target onset.
While this may have been due to inhibition of emotional image content, it is notable that the images were always presented in the same position (flanking the central fixation location) throughout the experiment. This fixed position may have allowed these images to be largely inhibited, leading to saccade deviation away from their position.
We report an experiment examining deviations in saccade metrics in the presence of emotional image distractors that flank a non-emotional target. A fixation cross disappears from the center of the screen and reappears either to the left or to the right on the horizontal meridian flanked by image distractors. The participant is instructed to saccade to the new position of the target cross as soon as it appears. In order to elicit a wide range of saccade latencies we employ a gap/overlap manipulation: fixation is either removed just before or just after target and distractor onset. This technique has been used successfully by McSorley et al. (2006 McSorley et al. ( , 2009 . We predict that 1) the emotional distractors will pull the saccade towards them, resulting in a larger deviation away from the target and an endpoint closer to the emotional distractor, 2) if emotion-relevant information biases early perceptual processes which can be inhibited with increased processing time, the manipulation of saccade latency should demonstrate pull effects of emotional distractors, especially for the short latency saccades.
Method Participants
Twenty participants took part (aged 19 to 21 years, 14 were females). All observers had normal, or corrected to normal, vision. Local ethical approval was obtained and all participants gave their informed consent prior to inclusion.
Apparatus
Eye movements were recorded using an Eyelink II eye-tracker with a sampling rate of 500Hz (SR Research), recording monocularly from observers' right eyes.
Stimuli were presented in greyscale on a 21" colour monitor with a refresh rate of 75Hz (DiamondPro, Sony). Head movements were constrained with a chin-rest at a viewing distance of 1m. The eye-tracker was calibrated using a standard 9 point grid at the start of the experiment.
Materials
The images used were taken from the International Affective Fixation and saccade targets were a cross ("+"), each line was 1º in length.
Targets were shown 8º to the left or right of fixation on the horizontal meridian. Two images appeared above and below the saccade target, with their centers being 2.1º from the center of the target cross, and their nearest edges being 1º away (See Figure   1 ). The centers of these images were at an angle of 27.5º from the initial fixation point. All images were 2.2º by 2.93º in size.
Design and Procedure
The experimental display consisted of a target cross shown to the left or right of fixation accompanied by two images above and below its position. A neutral, pleasant or unpleasant image was paired with a random control image, and the remaining control images were then paired with each other to offer a baseline eye movement.
The onset of the experimental display overlapped with the fixation screen by 150 or 75 ms or there was blank screen, i.e., a gap, between fixation and experimental display of 75 or 150 ms. It is important to note that the cue to make a saccadic response was the onset of the experimental display not the offset of the fixation cross.
Thus, as both the images and the saccade target were onset simultaneously, there was no difference in the viewing times for each of the fixation gap and overlap conditions. Each image was shown once, giving 64 image pairings 16 Neutral-control; 16 Pleasant-control; 16 Unpleasant-control pairs) and these parings were repeated for each SOA giving 256 trials overall. Trials began with a central fixation cross presented for a random duration between 800 and 1300 ms. This was replaced by the onset of the experimental display, with fixation offset at a particular SOA. The experimental display was followed by a blank screen (500 ms) before the next trial.
Eye Tracking Measures
Saccade start and endpoints were identified using a 22°/s velocity and 8000°/s 2 acceleration criteria. The main saccade metrics extracted were the landing position deviation (or angular deviation) and trajectory deviation of the first saccade in each trial.
1 Direction was defined as the angular deviation of saccade direction (°) taken from the initial fixation location to final endpoint in polar co-ordinates, with 0° being a horizontal saccade.
To examine the effect of image type we first determined the average landing position in the Control condition separately for each participant and the impact of the Neutral, Pleasant and Unpleasant images on landing position was subtracted from 1 Trajectory deviation was found not to significantly differ depending upon image type, F(2, 38)=1.09, MSE=4.78, p=.346, η 2 =.054. This is different from that reported by Nummenmaa et al (2009) ; we suggest that this may be due to differences in experimental design (e.g., images flanking the target and not fixation, distance from target and/or fixation) which need to be explored further. However, as saccade trajectory was not found to depend upon image type it will not be considered further in this paper.
this. Positive values were assigned to endpoint deviations towards emotional or neutral images and negative values assigned when away.
Saccades were excluded from further analysis if saccade amplitude was more than two degrees from the target (19%), response latency was quicker than 70 ms (classified as an anticipatory saccade) or slower than 500 ms (in these cases the saccade is taken as having not been driven by the experimental display) (0.01%). Data collected from each target position (left and right) and from each of the four possible image locations was collapsed. Therefore, each overall average represents data from 64 trials. 
Results

Angular deviation of the saccade landing position was found to
Discussion
In this experiment, task-irrelevant unpleasant, neutral and pleasant images, paired with control images, flanked a target towards which the participant was instructed to saccade. Saccade landing position was found to only deviate towards task-irrelevant images that were unpleasant (without impacting on trajectory deviation). This was replicated in an independent sample (see footnote 2).
Furthermore, this pull of saccade deviations towards unpleasant images was found to be due to stronger deviations in the quick saccade responses suggesting fast, parafoveal decoding of negative information.
This finding is line with a large body of research that supports the view that negative information biases attention, especially during early stages of processing (e.g. Öhman & Mineka, 2001; Cacioppo et al., 1999; Vuilleumier, 2005, although this is debated e.g. Schupp et al., 2003; Brosch et al., 2008) . Given the overall negativity bias effect in our results, and the likely coarse rapid coding of the unpleasant distractors driving the fast saccades, an early guiding of attentional processes is suggested to underlie this effect. Such an early effect follows on from the prevalent view that potentially threat-related information is prioritized to instantiate the preparation of adaptive behavioural responses.
However, this finding runs counter to other eye movement studies, where results suggest a prioritization of both pleasant and unpleasant -relative to neutralinformation. It is important to note that in most of these prior studies, the emotional images were central to the task at hand (Alpers, 2008; Calvo & Lang, 2004;  coding. To our knowledge, only one extant eye movement study (Nummenmaa et al., 2009) A second factor which may contribute to the mixed findings is that when unpleasant and pleasant information is moderately arousing -as was the case in the picture set that we used -unpleasant information may be preferentially biasing attention. This effect may diminish when both pleasant and unpleasant stimuli are highly arousing (see also Olofsson et al., 2008) . Future studies should explicitly investigate the extent to which a negativity bias towards unpleasant information persists when high vs. low relevant (or arousing) information is task-irrelevant and potentially distracting from the saccade. 
